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ABSTRACT

This memorandum contains CSM weight estimates for
the extended lunar missions outlined in the current AAP Ad
Hoc study effort. The welghts are derived on the basis of
the increased expendables necessary for life support, elec-
trical power generation and cabin leakage. Increments to
the requirements of the Design Reference Mission DRM IIA
were estimated for each misslion and added to the baseline
CSM weight.

The single launch missions included were: a 28 day
lunar orbital mission, an Extended LM with a 3 day surface
staytime, and an Augmented LM with an 8 day surface staytime.
The dual launch missions combined a 14 day lunar orbital mission
with delivery of the unmanned Lunar Payload Module, and included
both Extended and Augmented LM missions with surface staytimes
of 12 and 14 days respectively.

The CSM weight estimates shown in Figure 3 are
highly dependent on detailed mission requirements which remain
to be developed., Probably more important are the required
changes to the Apollo CSM subsystems for thils spectrum of
lunar missions. Longer life fuel cells, larger cryogenic
storage systems, and increased RCS propellant capacity will
require substantial lead tlmes. The development of instrument
payloads and associated weights (not included in the CSM weight
estimates of Figure 3) should also be considered a critical

lead time item,. _ —
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TECHNICAL MEMORANDUM

INTRODUCTION

This memorandum deals with CSM requirements for
extended lunar misslons as outlined in the current AAP Ad Hoc
study effort. CSM welights associated with each mission type
have been derived on the basis of the increased expendables
necessary for life support, electrical power generation, and
cabln leakage. In addition, estimates for increased RCS
requirements and structural weight penalties have been included.

The Design Reference Mission (DRM IIA) (Ref. 1) was
used as a base for the Apollo mission requirements. Incre-
ments to this were calculated for each of the mission types
and added to the baseline Block II CSM weight. The results
are shown 1n Figure 3 which provides a CSM weight for each
mission type consldered. In addition, the weight losses
associated with expendables used prior to lunar orbit inser-
tion and while in lunar orbit are shown. These two weights
will be significant factors in determining the Service Module
propulslon requirements for the various mission profiles. The
increases to the baseline Block II CSM weight are shown in
terms of fixed weight and expendable weight increments.

MISSTIONS
The following lunar mission types were considered:

Single Launch Missions

I.  Lunar orbital - 28 days in orbit
IT. Extended LM - 3 day surface staytime
\Ii: Augmented LM - 8 day surface staytime

Dual Launch Missions with an Unmanned Lunar
Payload Module for Logistics Delivery

Iv. Extended LM - 12 day surface staytime

V. Augmented LM - 14 day surface staytime



BELLCOMM, INC. -2 -

Six different CSM configurations are reflected by
these missions, Four are associated with the different LM
configurations (different staytime capability), one with the
28 day lunar orbital mission, and one associated with delivery
of the unmanned payload modules of Missions IV and V. In
connection with these unmanned delivery flights, i1t has been
assumed that the CSM's will be used for 14 day lunar orbital
missions after assisting in the unmanned landing.

Figure 1 outlines a rough time line for each of the
missions and similar data 1is shown for the design reference
mission. Ofther than the effects of the additional surface
staytimes, longer translunar and transearth flight times
(110 hrs) are shown to reflect flight profiles different from
the basic Apollo mission,

ASSUMPTTIONS

The following assumptions were used in determining
the CSM weight requirements for each of the missions:

1. Baseline Block ITI CSM weight (Ref. 3): 23,562 1bs*

2. Metabolic O, requirements: 2 lbs/day/man (1/12 1b/man-hr)

3. Cabin leakage rate: 4.8 1lbs/day (0.2 1bs/hr)

4L, Food requirements: 2 lbs/day/man

5 LiOH requirements: 0.145 1bs/man-hr (Based on DRM IIA
LiOH system welight and mission
man-hours. )

6. Average electrical power: 2,000 watts

7. TFuel cell reactant consumption rate: 0.9 1b/kw-hr
(0.8 1b 0, and
0.1 1b H,)
8. Cryogenic storage system weights based
on Block ITI design (Ref. 2a) as follows:
Hydrogen: 64,9 1lbs tank weight for 28 1bs usable H
64,9 + 28 _

2
system weight factor =

3.32 1bs/1b usable H2

*The CSM used for lunar orbital missions is assumed
to carry a two man crew and, therefore, the baseline weight
was reduced by 500 1bs to 23,062 1lbs,



BELLCOMM, INC. -3 -

Oxygen: 77.3 1lbs tank welght for 320 1bs usable O2

system weight factor = 77-3320320 _

1.25 1bs/1b usable 0,
9. Reserves: DRM IIA indicates about 200 1lbs of usable
expendables (190 1bs 0, and 11 1bs H2)

remalning at the time of SM jettison.
This quantity was included in the expendable
requirements for each mission,

Using these assumptions, the total expendable require-
ments for each type mission were derived. The results are
shown in Figure 2,

SUBSYSTEM CONSIDERATIONS

Electrical Power System

The preliminary definition phase of the Apollo Exten-
sion System Study (Ref. 2b) indicated an electrical power
generation system consisting of four 1200-hour fuel cells with
two of these being redundant for mission reliability reasons.
This configuration was assumed for all mission durations ex-
ceeding 500 hours. The 3 day Extended LM and 8 day Augmented
LM missions were left with the basic Block II electrical
power system consisting of three fuel cells. The 8 day Aug-
mented LM mission (441 hours duration) exceeds the 400 hour
life rating of the Block IT fuel cells, and thus use of three
1200 -hour fuel cells can be assumed. The weight and reactant
consumption rate of the longer life fuel cells are essentially
the same as the Block II version and would have an insignifi-
cant effect from a weight analysis standpoint,

Cryogenic Storage System

The oxygen and hydrogen requirements (including
DRM IIA reserves) for any of the proposed missions exceeds
the storage capability of the Block II CSM system. Either
new tank design or additional Block II tanks are required,
The Extended LM (3 day staytime) mission requirements could
be cared for by one additional set of Block II tanks. The CSM
welght developed for this particular mission has been based on
this option. The remaining mission types, however, require
the addition of more than one set of Block II tanks, and the
use of new, larger volume tanks appears preferable, Tank
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weights for the LPM delivery and 14 day lunar orbital mission
were estimated in accordance with the Block II system weight
factors (see Assumptions). Except for the 28 day lunar orbital
mission, these tank welghts were then used for all remaining
CSM configurations, but were off-loaded to meet individual
mission requirements. Two sets of these tanks and some addi-

tional structural welght penalty were assumed for the 28 day
mission,

REACTION CONTROL SYSTEM (RCS)

Data from the Apollo Extension Systems Study (Ref. 2¢)
indicates a 765 1b increase in RCS propellant required for a

14 day lunar orbital mission. The recommended configuration
replaced the present SM RCS tankage with 4 LM RCS oxidizer
tanks per dquad to provide for a usable propellant capacity of
about 2300 1lbs. This configuration, with tanks loaded to meet
mission requirements, was assumed for the lunar orbital mis-
sions., The fixed weight penalty associated with the larger
tanks and helium pressurization system amounts to 402 1bs.

STRUCTURAL

Structural weight penalfies were estimated on the
bagis of)data taken from the Apollo Extension System Study
(Ref. 2d).

REMARKS

The material presented in this memorandum represents
a first cut estimate of CSM weights for each of the mission
types considered, As detailed misslon requirements are devel-
oped, especially for electrical power and RCS propellant
requirements, the weight plcture presented could change con-
siderably. In addition, it should be noted that the CSM
orbital mission configuration weight does not include allow-
ances for the orbital instrumentation. For the present, these
weights will have to be considered as payloads to be added to
the estimates shown. The following types of things should be
considered in this category:

1. Scientific instrumentation

2., Welghts associated with the data return
anticipated (communications and actual
weight returned to Earth)

3. Increased recorder requirements
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L, Experiment interfaces

5. The effect of thermal profiles for different
orbital inclinations (insulation, shielding, and
associlated attitude control requirements)

6. Allowances for EVA activities

7. Additional navigation and guidance required.

G m/
1012-DRV-hjt D. R, Valley
Attachments:

References
Figures 1 - 3



BELLCOMM, INC.

REFERENCES

Design Reference Mission IITIA - MSC Report No. PM3/M-171/66,
October 30, 1966

Final Report - Preliminary Definition Phase Apollo
Extension System - NAA, December 13, 1965

a. SID 65-1526 - Cryogenic Storage System
b. SID 65-1525

Power Generation and Distribution Systems

c. SID 65-1528

Reaction Control System (CONFIDENTIAL)
d. SID 65-1532 - Mass Properties (CONFIDENTIAL)

Spacecraft and Launch Vehicle Baseline Values - Working
Note from G. M. Anderson/Bellcomm to H, E. Gartrell/MSC,
W. B. Shapbell/KSC, and R. D. Stewart/MSFC, dated May 2, 1967



UNTTHNT.L NOISSIW - T HHMNDIA

JOVJIYNS YYNNT HHL NO INHJS SHNOH GE HOA SMOTIV VII-WHdx

M : “ : WSO NI
OLTT GGOT L00T 16 | 16. | 1181 w 049 w SUNOH-NYH TVIOL
; (SHYH) EWIL
684 Ges% LES Thyy 12¢ L06 ._ 9te | NOISSTH TYIOL
(NI 2) (NTH €) (NEH €) (NI €) (NTW €) (NTW 2) (NZW €) NOSILIAL WS
! NYHL
SHH OTT SHH OTT SYH OTT SYH OTT SYH OTI SYH OTT SYH 88 | ISY0D HIMVASNVYL
(NI 2) (NYW T) (NYW 1) (NYH T) (NVW T) (NI 2) (NVH T) m IIEHO MYNAT
SUH 06§ SHH 0GE SHH 2O¢€ SHH 902 SYH 98 SYH 2.9 xSHH 6% !
(NTW 2) (NTW €) (NaW €) (NIW €) (NI €) (NZW 2) (N=mH €) W NOIIHHSNI II9HO HYNNT
. ! NYHL
|
SHH OT1 SYH OTT SYH OTT SHH 01T SYH 011 SYH 011 SYH :m\p ISY00 HYNQTISNVHL
T
(NI 2) (N €) (NTW €) (NIW €) (NIW €) (NaW 2) (NI €) NOSILIAfL 9AI-S
_ NYHL
SHH ST SYH ST SYH 6T SYH 61 SYH G1 SHH GT SHH 41 HONNYIHYd
(MIYD NVW 2) (Ava g82)
(TYIIgHO Ava #1)| (AvVA #T1) (Rva 21) (Ava 8) (Xva ¢€) TYLIFHO (aNITESYL) ASYHd
N1 WI °bay WI °IXd WI 9oy WI °Ix™ HYNNT VII WHd NOISSIW
SNOISSIW HONNYT Ivnd _ SNOISSIW HONAYT HTIONIS




SINANHHINDIY HIIVANIIXHE - 2 HUNDIA

0LT  #GT LT AR STt 792 08
86 88 18 9. 99 AN ot
get get 81T 66 Gl €61 94
TT TT T TT TT Tt T
LTT LTT L0T 88 ©9 281 G
THET TEET oxal 0901 17EQ 9.L61 o9
06T 061 06T 06T 061 06T 06T
9¢6 9¢6 638 90.L rans AS Al T9¢
L1T L1IT ,0T 88 ©9 28T et
86 88 78 9. 99 2GT 9t
OLTT GGo1 GOO0T 16 164 1181 066G
686 fele LG Tt et L06 912
(IvaIgdo | (Ava 1) | (Ava@ 21) (AVa Q) (A¥Q €) | (RA¥a 82) [(ANITHESYL)
A¥a #71) TYILIGHO
WdT WI “HAY WT " IXd | WT *Hay | WI "IXH qyNNT YIT WHA

SNOISSTW HONNVT TvVNd

SNOTISSIIW HONAVT HTONIS

(sd71) HOTI
(sg1) aood

(sa1) °H TVIOL
(VII WHQ) HAMHASHY
(MH/# 2°0-MM 2) H"ZMod

c

QEYIN®HEY “H

(sa1) 0 TVIOoN

(VII WHQ) AAYASHY
(YH/#9° T-MY 2) "=EMod

(4H/# 2°0) FOYIVAT

(MH-NYW/# 21/T) OITOodYLiAN

aEygInGE o
HSD NI SHH-NVK

(SYH) AWIL TYIOL



HdAL NOISSIW HOVH HOH IHHIUM WSO - & HHNHIL

SNOISSIW TV.LICYHO YVNNT HHI HOA HZIS MHEHD dEDNdHY HHL
LOETITY OL ST 005 AL QEONTHY (29G¢°E2) IHOIAM WSO ANITASVHxx

(STTIAYANIAXH WSOV + IHDIEM qIXIAV + INITHISYL)
(QEANNOY) INYTIHJOMd WS HIAYSN SSHT LHDIAM TYIOL WSOx

(LNVTIZJOHd SOY ANV WAISAS THVHOLS OINADOXYD HOA SIHDIHAM YNVI CESYHYONI ANY
‘SETLIYNAL TVHALONYIS ‘HOTT Q004 TYNOLLIAQY SHANTONI IHOIHM QIXIdV)

TYILIGHO Avd #T +

*%x006 G2 L19T grE QEaT 0921 XMAATTHA WAL
HONOYT 1Iv¥Nd)

002 ‘Ge £eg ]G¢E €9/ A WI °“HOv AVA #T
(HONONVT IVNd)

00T‘Ge cel 8G¢ 299 28 WI "IX"® A¥d 2T
0092 126G ]GE cotr 84S WI *HNv Avd Q
000°t2 10K 8GE L6T 88T WI *IXd AVa €
*%x006°/)2 Gale 8t 892 0012 TYIIGHO HYNAT AVd 82
296‘¢Ce 002 T9¢ - - VIT WMd

(sd1) (sg1) (sg1) (sg1) (sdT)

IHOIHM IIGH0 YNNI NI I0T OL ¥oIud SHTIYANTIXH IHOHIAM NOISSINW

*IVLOL WSO @asn SHIIVANIAXH qaISN SYTIVANIdIXH WSOV qUXId v




